Abstract -A review o f r e c e n t work on molecular beam experiments performed a t t h e Chemistry Department o f t h e U n i v e r s i t y o f Perugia i s presented. Measurements o f i n t e r m o l e c u l a r p o t e n t i a l s f o r everal systems and p r e l i m i n a r y r e s u l t s on r e a c t i v e s c a t t e r i n g of D oxygen atoms are discussed.
INTRODUCTION

The a b i l i t y t o model plasmas, lasers, flames and atmospheres i s o f fundamental importance f o r modern a p p l i c a t i o n s o f gaseous chemical k i n e t i c s . I n order t o develop such r e l i a b l e models one needs d e t a i l e d i n f o r m a t i o n on t h e dynamics o f t h e elementary processes involved. The number and t h e v a r i e t y o f these processes are such t h a t t h e values o f t h e r a t e parameters needed have t o be obtained from several f i e l d s r e l a t e d t o chemical k i n e t i c s ; t h e dynamical c h a r a c t e r i z a t i o n o f elementary processes i s one o f t h e major sources o f t h i s i n f o r m a t i o n .
Our group i n Perugia has been engaged f o r several years i n t h e t h e o r e t i c a l , computational and experimental aspects o f t h e dynamics o f elementary chemical processes. For reason o f space I w i l l l i m i t these notes o n l y t o t h e aspects o f t h e determination o f i n t e r m o l e c u l a r p o t e n t i a l s from experimental measurements by molecu a r beams, a problem which has been pursued f o r several years, and t o t h e r e a c t i o n s o f D oxygen atoms, which have been undertaken o n l y r e c e n t l y .
i
INTERMOLECULAR POTENTIALS
Intermolecular p o t e n t i a l s , i n s p i t e o f t h e i r weakness, a r e responsible o f many macroscopic p r o p e r t i e s o f m a t t e r and p l a y a l s o an important r o l e i n chemical r e a c t i o n s since t h e y determine t h e asymptotic behaviour o f t h e f o r c e s between t h e atoms and t h e molecules involved.
Most i n f o r m a t i o n about these p o t e n t i a l s comes from s c a t t e r i n g studies and s p e c i f i c a l l y from t h e measurement o f two main obsorvables: t h e i n t e g r a l cross s e c t i o n and t h e d i f f e r e n t i a l cross section. The two observables correspond t o two b a s i c a l l y d i f f e r e n t experimental c o n f i g u r a t i o n s . I n t e g r a l cross sections are measured from t h e a t t e n u a t i o n o f a projectile beam from a t a r g e t , as a f u n c t i o n o f v e l o c i t y , and d i f f e r e n t i a l cross sections from t h e d e t e c t i o n o f t h e p a r t i c l e s d e f l e c t e d a t a given angle. Both types o f experimental c o n f i g u r a t i o n s are o p e r a t i v e i n Perugia.
The t h e o r e t i c a l approach t o s c a t t e r i n g has reached a h i g h l e v e l o f accuracy n o t o n l y f o r s p h e r i c a l l y symmetric systems, where t h e two body p o t e n t i a l f u n c t i o n depends o n l y on t h e distance, b u t a l s o f o r more complex a n i s o t r o p i c systems, f o r which accurate approximations have been developed. P a r t i c u l a r l y i n t e r e s t i n g i s t h e i n t e r p r e t a t i o n o f e f f e c t s which can be associated t o quantum i n t e r f e r e n c e s between wave-like p a r t i c l e s detected a t a given angle and coming from t r a j e c t o r i e s w i t h d i f f e r e n t impact parameters. These e f f e c t s show up i n both i n t e g r a l and d i f f e r e n t i a l cross s e c t i o n measurements and can be r e l a t e d t o important f e a t u r e s o f t h e p o t e n t i a l . Thus t h e d i f f e r e n t i a l cross section, measured a t s u i t a b l e values o f c o l l i s i o n energy as a f u n c t i o n o f t h e s c a t t e r i n g angle, m y show broad maxima ( c a l l e d "rainbow" e f f e c t ) and h i g h frequency o s c i l l a t i o n s ( " d i f f r a c t i o n o s c i 1 l a t i o n s " ) associated t o t h e value o f t h e p o t e n t i a l w e l l depth and t o t h a t o f t h e f i n i t e d i s t a n c e where t h e p o t e n t i a l becomes equal t o zero, r e s p e c t i v e l y . The i n t e g r a l cross section,
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A t r i a l -a n d -e r r o r f i t w i t h a f l e x i b l e parametric expression o f t h e experimental f e a t u r e s described above and o f t h e absolute value o f t h e i n t e g r a l cross section, which f i x e s t h e long range behaviour o f t h e i n t e r a c t i o n , allows us t o reach a very accurate r e p r e s e n t a t i o n o f t h e i n t e r m o l e c u l a r p o t e n t i a l .
The most r e c e n t l y i n v e s t i g a t e d systems are r e p o r t e d i n Table 1 
To be pub1 i shed a bWork i n progress Complete i n f o r m a t i o n about t h e r e s u l t s can be found i n t h e quoted l i t e r a t u r e , b u t I want t o r e c a l l here our c o n t r i b u t i o n f o r systems w i t h open s h e l l atoms and, i n p a r t i c u l a r , f o r those where oxygen and f l u o r i n e atoms are involved. I n these cases t h e i n t e r a c t i o n i s more complicated since a m a n i f o l d o f p o t e n t i a l energy curves i s operative, due t o t h e d i f f e r e n t s t a t e s o f t h e open s h e l l atoms. The problem was disentangled by performing a magnetic a n a l y s i s o f t h e atomic beam. The s e l e c t i o n o f t h e atomic magnetic sublevels o f t h e open
s h e l l atoms has allowed us t o o b t a i n unique i n f o r m a t i o n about these a n i s o t r o p i c i n t e r a c t i o n s and t o c h a r a c t e r i z e t h e weak bonds o f diatomic r a r e gas oxides and f l u o r i d e s .
DYNAMICS OF ' D OXYGEN A T O M REACTIONS
The 
radiofrequency discharge source i n 0 /He and 0 /Ne mixtures; t h e presence o f s u i t a b l e amount o f e x c i t e d atoms has been t e s t e d through t 2 e w e l l known r e a c t i o n w i t h H2 g i v i n g OH .t H. I t i s c l e a r t h a t r e a c t i o n s o f e x c i t e d oxygen atoms can be s t u d i e d i n presence o f a l a r g e amount o f ground s t a t e atoms o n l y when the r e a c t i o n r a t e s o f t h e l a t t e r s are very low, so t h a t t h e i r products can n o t be detected: t h i s i s t h e case o f 0 t H
The r e a c t i o n s i n v e s t i g a t e d so f a r are those w i t h HC1 and HBr which f u l f i l l t h e requirements describea above. I n both cases t h e halogen oxides produced i n t h e r e a c t i o n s were detected and t h e i r angular and v e l o c i t y d i s t r i b u t i o n s were measured. Both r e a c t i o n s show a predominant backward angular d i s t r i b u t i o n i n t h e center o f mass but, w h i l e C10 shows a l s o a s i g n i f i c a n t forward s c a t t e r i n g , B r O shows an equal amount o f sideways and forward s c a t t e r i n g . A l a r g e f r a c t i o n o f a v a i l a b l e energy i s appearing i n t r a n s l a t i o n , a b s t r a c t i o n o f t h e halogen atom, w i t h a p o s s i b l e c o n t r i b u t i o n o f an i n s e r t i o n mechanism, and t h a t t h e d i f f e r e n c e s between C10 and BrO d i s t r i b u t i o n s may be due t o t h e d i f f e r e n t r o l e o f angular momentum. We have n o t be able t o d e t e c t any product, halogen atoms o r hydroxyl r a d i c a l s , coming from t h e OH .t X channels. The d e t e c t i o n o f these products i s much harder than t h a t o f halogen oxides because OH i s t h e l i g h t e s t product o f t h e r e a c t i o n s and t h e r e f o r e i s l i k e l y spread a l l over t h e space, w h i l e t h e halogen atom s i g n a l i s covered by t h e background a r i s i n g from t h e fragmentation o f e l a s t i c a l l y s c a t t e r e d hydrogen h a l i d e s . A rough estimate, based on t h e f a i l u r e t o d e t e c t these products, would f i x t o one t h e upper l i m i t o f t h e r a t i o o f cross sections f o r t h e channel l e a d i n g t o OH and t h a t l e a d i estimates may qtill be c o n s i s t e n t w i t h t h e r a t e constant measured 43% f o r C10 + H and 60% f o r Br0 t H. These r e s u l t s would suggest t h a t these channels proceed mainly by d i r e c t t o XO. These
